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Abstract Enhalus acoroides (Linnaeus f.) Royle belongs
to the Family: Hydrocharitaceae is an abundantly growing
seagrass in coastal areas of Gulf of Mannar. Sea grasses
contain very good potent therapeutic properties for chal-
lenging diseases. The current investigation is to green
synthesis Ag-NPs from Enhalus acoroides and characterize
silver nanoparticles (Ag-NPs) and evaluated a-glucosidase
inhibition activity. Furthermore, the characterization of the
same using ultraviolet–visible spectroscopy (UV–Vis),
Fourier transform infrared (FT-IR) spectroscopy, X-ray
diffraction (XRD), energy dispersive X-ray (EDX), and
followed by Transmission Electron Microscopy (TEM).
Surface Plasmon resonance exhibited the development of
Ag-NPs in UV–Visible spectra at 419 nm. The FTIR
examination was done to find and read the moiety
accountable aimed at the bioconversion of silver ions. The
crystalline form was observed in the XRD examination.
The synthesized Ag-NPs were polydispersed spherical Ag-
NPs as confirmed by EDAX and stabilized in the solution
with the spherical shapes further confirmed by TEM
analysis designate in the reading of 2–100 nm. The find-
ings of the study shown that Ag-NPs of promisingly proved
have strong a-glucosidase inhibitory activity by which Ag-
NPs with an IC50 47 lg/ml. This current research report is
first to account on the green synthesis of silver nanoparti-
cles from seagrass E. acoroides, because there is no liter-
ature survey and investigations on Enhalus acoroides.
Hence, we suggest that Ag-NPs synthesized from E.
acoroides might be a significant resource of a-glucosidase
inhibitors preparation that may benefit diabetes treatment.
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Introduction
Ocean offers a unique environment for the sustenance of
aquatic organisms. This complex environment changes con-
stantly with the concentration and dilution of chemicals,
deposition, and erosion of sediments. This place of the ocean
is probably the most dynamic place on the earth [1]. Marine
has devised innumerable progressions for the synthesis of
nano-level inorganic resources which take donated towards
the growth of reasonably novel and essentially unknown part
of study according to the green synthesis of nanoproducts [2].
Green-synthesized Ag-NPs possess a variety of uses since of
their significant physical and chemical properties [3]. Inci-
dentally, the green synthesis of metal nanoparticles takes to
initiate to be economical and environmentally responsible [4].
Coastal plants are a significant, nontoxic and definitely
obtainable materials used for the production of nanoparticles
by the extensive diversities of compounds possibly support in
reduction [5]. The bioconversion of Ag-NPs using coastal
plants is much smaller number. Exactly, though there is
comparatively very slight otherwise not any works proceeding
of green synthesis of Ag-NPs using seagrasses [6].
The current investigation describes the bioconversion of
Ag-NPs by using extracts of seagrass at straight daylight
state. The characterization of green-synthesized Ag-NPs
using the standard devices.
Enhalus acoroides (Linnaeus f.) Royle (Class: Mono-
cots Order: Alismatales, Family: Hydrocharitaceae, Genus:
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Enhalus) is a lavishly growing seagrass in south Indian
coast, available in intertidal part of Gulf of Mannar. E.
acoroides are the marine vascular and flowering plants
inhabiting the shallow coastal waters in tropical and tem-
perate zones. E. acoroides exhibited valuable antioxidants
[7]. It showed significant major sterol and fatty acid
component. Qi et al. 2008 [8] examined the chemical
constituents and antifeedant, antibacterial, and the antilar-
val activities of ethanol extracts of E. acoroides from South
China and recorded eleven pure compounds including four
flavonoids and five sterols.
Hence, the present investigation on the synthesis and
characterization of Ag-NPs using seagrass E. acoroides
and its effects on a-glucosidase inhibitory is the first
research study.
Materials and methods
Collection and processing of Seagrass materials
E. acoroides (Linnaeus f.) Royle, a seagrass was collected
Thondi (Lat. 9450N and Lang 7930E) is situated Gulf of
Mannar, Tamilnadu, South India coastal region during the
month of January 2016. E. acoroides leaves were collected at
3–5 m depth using the SCUBA diving equipment model
(SCUBA EA 2/07), and the young leave reaches their maxi-
mum size. All leaves were present covered with a dense growth
of diatoms. Epiphytic diatoms were removed by scarping the
individual leaves in 1 cm areas with the tip region in spatula.
Preparation of the Extract
The samples of healthy and fresh E. acoroides were
transferred to the laboratory and cleaned carefully by fresh
water to eliminate adhering materials and epiphytes. Sea-
grass samples were then dissected into leaves, stems, and
roots. The dissected samples were shade dried for 1 week at
room temperature. The E. acoroides samples were again
cleaned by sterilized distilled water to eliminate the salted
materials remaining on the external parts of the samples.
The fine pieces of dried samples (25 g) were taken and
boiled with sterilized distilled water (100 ml) for not more
than 5 min. The green-colored aqueous extract was deliv-
ered to Whatman No. 1 filter paper, and the remains were
kept at 4 C for future study.
Green synthesis of silver nanoparticles
The silver nitrate (AgNO3) as analytical grade (AR) was
obtained from E. Merck (India). The characteristic biocon-
version of Ag-NPs, 10 ml ofE. acoroides extract, was mixed
with 90 ml of aqueous silver nitrate solution (1 mM) in
conical flask (250 ml) and it lights at room temperature for
48 h at 120 rpm. Appropriate controls were kept through the
carry out the study. The solution obtained was transferred to
an amber colored bottle to prevent autoxidation of silver. The
reaction mixture with silver ion solution and seagrass extract
was noted for color change through visual observation.
Characterization of silver nanoparticles
The Ag-NPs were described by means of UV–Vis spec-
trophotometer (UV-100 Cyberlab USA) in the frequencies
between 300 and 800 nm. The functional group analysis of
the silver nanoparticles was carried out by FTIR spectra
that were noted for the Ag-NPs by FTIR Nicolet Avatar
660 (Nicolet, USA). For the determination of the elemental
materials, the Ag-NPs solutions were examined using
energy dispersive X-ray spectroscopy (EDX): XRD and
transmission electron microscopy (TEM) were done to
predict the structure of the Ag-NPs by placing of 1 ll of
the sample carbon films supported by copper grids, air
dried, and viewed at 100 kV (JEOL 1010 TEM).
In vitro a-glucosidase enzyme inhibition assay
The preliminary anti-diabetic activity was done by a-glu-
cosidase inhibition assay of the modified method of [9]. The
a-glucosidase enzyme solution having P-nitrophenyl-aglu-
copyranoside (2.9 mM), the silver nanoparticles (0.25 ml)
with different combinations (10–100 lg/ml). The 0.6 U/ml
in yeast a-glucosidase were added in sodium phosphate
buffer (pH 6.9). The controls having with dimethyl sulfox-
ide, a-glucosidase, and pNPG, whereas in positive controls,
acarbose substituted with silver nanoparticles. Combinations
without a-glucosidase, silver nanoparticles, and positive
controls functioned as blanks. All the solutions were kept to
water bath (25 C for 5 min). The absorbance of the resultant
p-nitrophenol was reading at 405 nm by UV–Vis spec-
trophotometer (UV-100Cyberlab USA). The percentage of
a-glucosidase inhibition was measured as follows:
1B=Að Þ  100;
where A is the absorbance of control, and B is the absor-
bance of samples containing silver nanoparticles. The
inhibitory concentration of the silver nanoparticles neces-
sary to inhibit the action of the a-glucosidase by 50 %
(IC50) was calculated graphically.
Results and discussion
The current research on bioconversion of silver nanopar-
ticles using the seagrass E. acoroides. The aqueous extract
was used for Ag-NPs biosynthesis from silver nitrate
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solution. The first indication of positive Ag-NPs formation
was the appearance of light yellow to brown gradually. It
was interesting to note that the Ag-NPs formation occurred
only in the presence of light [10–13]. The controls were
remaining same after the reactions take place, so it is
reasonable to conclude that the development of Ag-NPs in
the present of light dependent (Fig. 1).
The Ag-NPs obtained were described by UV–Vis
spectroscopy to monitor the reactions of Ag-NPs developed
in the reaction time (for 48 h of incubation) has the char-
acteristic absorbance showed kmax at 419 nm (Fig. 2); the
appearance of value exhibited that the Ag-NPs are rela-
tively small, polydispersed, and spherical Ag-NPs. In
addition, no precipitation or agglomeration was found
during the reaction and up to 3 months after the experiment
suggesting that the biosynthesized Ag-NPs are stable.
The FTIR analysis spectrum exhibited sharp absorbance
between 500 and 4000 cm-1 (Fig. 3). The two sharp peak
absorption at 1645 and 3435 cm-1 indicating the probable
relations between proteins and silver nanoparticles. TheFig. 1 Green biosynthesis of silver nanoparticles from E. acoroides
Fig. 2 UV–Vis absorption
spectra of silver nanoparticles
synthesized by E. acoroides
Fig. 3 FTIR spectrum of silver nanoparticles synthesized by E. acoroides
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absorption peak at 1645 cm-1 possibly will on account of
the amide bond coming from the carbonyl group of the
protein [14]. There is another peak of the spectrum at 3435,
2929, 2355, and 1544 which could be the Intramolecular H
bonds, alkanes, amines, and C=C stretching vibrations
on—conjugated [15].
The green-synthesized Ag-NPs obtained using E. acor-
oides extract was again proved by specific peaks detected
in the XRD (Fig. 4) image at 2h = 28.09o, 34.2, 39.5, 44.4,
57.7, and 59.05. A small number of strong extra and,
however, unassigned peaks were likewise detected by the
surrounding area of the distinctive peaks of Ag. These
sharp Bragg peak influences have brought about bioorganic
compounds/protein(s) contains in the E. acoroides. The
XRD results clearly demonstrations that the Ag-NPs are
crystalline form [16].
The elemental composition of the bio-functionalized E.
acoroides Ag-NPs was used by EDXA and revealed in
Fig. 5. The area-profile study of the Ag-NPs exhibited
strong peaks of Ag at 2.5 keV that are specific of Ag-NPs,
combined by Cl and O signals by underneath 1 keV.
EDXA study exhibited that CI and O signatures were the
results of X-ray release by proteins attached with the Ag-
NPs outer region, and then, the boundless particles were
separated by centrifugation followed by constant cleaning
[17, 18].
A TEM analysis was carried out in the organization Ag-
NPs from E. acoroides that were formed and represented in
Fig. 6. The results of TEM showed a perfect indication
about the shape and dimension of the Ag-NPs. Bio-con-
versed Ag-NPs formed were predominantly polydispersed
and the particles shaped with spherical, hexagonal, and
triangular. The nanotriangle shapes revealed to have a big
surface area with the range 2–100 nm. The Ag-NPs that
became reduced by the assistance of aqueous extract E.
acoroides had sizes small sufficient to be electron apparent
and imaged as polydispersed small- and large-sized
nanoparticles with a different diameter. The existent study
approves the occurrences of Ag-NPs in E. acoroides, and
the results were similar when compared with the earlier
reviews of nanoparticles [19, 20].
The invitro a-glucosidase inhibitory studies demon-
strated that Ag-NPs from E. acoroides had a-glucosidase




















Fig. 4 XRD patterns of silver nanoparticles synthesized by treating
E. acoroides
Fig. 5 Energy dispersive X-ray spectrum of silver nanoparticles synthesized by E. acoroides
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inhibitory activity. Ag-NPs exhibited a strong inhibitory
potential with an IC50 value of 47 lg/ml, while acarbose
exhibited the with an IC50 value estimated at 72 lg/ml
inhibitory activity of the a-glucosidase enzyme (Fig. 7).
The a-glucosidase inhibitors performed an anti-nutrient
that controls the ingestion and absorption of carbohydrates
[21]. The concentration-dependent reduction is been shown
in the percentage inhibition of alpha-glucosidase activity at
100, 80, 60, 40, 20, and 10 lg/ml concentration of Ag-NPs.
The significant inhibition of alpha-glucosidase activity
obstructs the function of alpha-glucosidase in the small
intestine, which is economical in the reduction in carbo-
hydrate consumption. The major attribution to alpha-glu-
cosidase inhibitors is the decrease in postprandial
hyperglycemic levels of the diabetic patients [22]. Metal
nanoparticles are already proven as alpha-glucosidase
inhibitors [23, 24].
Conclusion
Our study is the first to report on the green synthesis of
silver nanoparticles from seagrass E. acoroides and
suggests their strong inhibition of digestive enzyme a-
glucosidase. The efficacy of the silver nanoparticles to
inhibit glucosidase and serve as an anti-diabetic agent
has been ascertained, and thus, these nanoparticles can
be studied as anti-diabetic agents in vivo. Overall, even
though further research in toxicity and in vivo study is
required, we propose that Ag-NPs synthesized from E.
acoroides might be a potential resource of a-glucosidase
inhibitors formulation that may benefit diabetes
treatment.
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